Abstract: When 'an ascending frequency glide of 1,500 ms with a temporal gap of 100 ms in the middle' and 'a continuous descending frequency glide of 500 ms' cross each other, the gap is typically perceived as if it were in the shorter glide, which is actually continuous. This is the original pattern showing the gap transfer illusion as discovered in 1992. Some demonstrations that are very close to the demonstrations we made then are presented in this paper. Some suggestions for our future research are also indicated with new demonstrations. 
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THE GAP TRANSFER ILLUSION
My colleagues and I discovered a new auditory illusion which provides us with some insights into the perception of auditory events and auditory streams. I would like to present some auditory demonstrations related to this illusion, which we named the gap transfer illusion (Nakajima and Sasaki [1] ; Nakajima, Sasaki, Kanafuka, Miyamoto, Remijn, and ten Hoopen [2] ). Nakajima and Sasaki [1] presented some auditory stimulus patterns in order to demonstrate this illusion, but these demonstrations are not available to the public. I am making some of their stimulus patterns available here. I have also made a couple of new stimulus patterns that could facilitate future research.
The audio file File 0.wav is for adjusting the volume of the sound system. A glide tone from 500 to 2,000 Hz is in this file. When the last portion of this glide is just audible, the volume is close to optimal.
Our original purpose (Nakajima and Sasaki [1] ) was to generate some undergraduate classroom demonstrations so as to explain the basic ideas of auditory scene analysis established by Bregman [3] . We took up the auditory phenomenon that a stimulus pattern of two crossing glides is often perceived as consisting of a higher and a lower perceptual component resulting in a percept of two 'bouncing' glides [3, 4] . This phenomenon was already known widely among researchers when we made the demonstration shown in File 1.wav in December, 1992, but no demonstration was easily available. (Some related demonstrations are commercially available now [5] .) A glide of 1,500 ms moves from 640 to 2,160 Hz, and another glide moves from 2,160 to 640 Hz. All the glides in the present demonstrations move at a constant speed in logarithmic frequency, and the rise time and the fall time of all the glides are 10 ms. As expected, many listeners perceived two bouncing components. In order to explain the difference between the bouncing and the crossing percept in class, we attempted to make a demonstration that causes a crossing percept, i.e., a perceptual impression of an ascending and a descending component. The demonstration in File 2.wav tended to give such a percept, and we could use it in class. The ascending glide in this demonstration was the same as in the stimulus pattern in File 1.wav, but the first and the last third of the descending glide were removed so that the duration of the descending glide was shortened to 500 ms.
We thought that the crossing percept would be more stable if we could make the perceptual continuity of the ascending glide clearer. We introduced a temporal gap of 100 ms into the middle of the short descending glide in order to contrast the discontinuity of this glide and the continuity of the long ascending glide as in the first half Ã e-mail: nakajima@design.kyushu-u.ac.jp of File 3.wav (stimulus pattern (a) in Fig. 1 [1, 2] ). This indeed worked, that is, the crossing percept was very stable in this case. The crossing percept was stable as well when this pattern was reversed in time as in the first half of File 4.wav (stimulus pattern (c) in Fig. 1 ).
Although our primitive prediction seemed to be correct, we did not think our investigation was systematic (or beautiful) enough because the effect of the temporal gap was checked only in conditions where the gap was in the shorter glide. Our next step was to shift the temporal gap from the shorter to the longer glide, and now the gap was in the middle of the glide that had been continuous. Thus, we obtained the stimulus pattern in the second half of File 3.wav (stimulus pattern (b) in Fig. 1 ) as well as the stimulus pattern in the second half of File 4.wav (stimulus pattern (d)). Surprisingly, the change of the physical position of the gap did not cause a substantial change of the percept as indicated in the lower panel of Fig. 1 . Although the temporal gap existed physically in the longer frequency glide, it was perceived as if it had been in the shorter frequency glide. We named this perceptual phenomenon ''the gap transfer illusion.''
AUDITORY SUBEVENTS
We needed a certain amount of time to publish a journal paper to report the gap transfer illusion (Nakajima et al. [2] ). One of the reasons was that we had to adopt phenomenological procedures, which often do not meet the standards of modern scientific journals. We analyzed phenomenological data so that the continuity of each perceptual component corresponding to a frequency glide could be dealt with as if it had been a psychophysical judgment.
In order to explain the illusion, we assumed that the onsets and the offsets (terminations) of glides are detected as if they were independent perceptual elements, and that the detected onsets and offsets are integrated according to the proximity principle in time and frequency. If an onset and an offset are connected with each other in this order, they should make the percept of an auditory event. We call the percepts of onsets and offsets ''auditory subevents'' because these units and ''fillings'' and ''silences'' comprise auditory streams and auditory events. An auditory stream can be defined as a linear string of auditory events and silences. Auditory subevents cannot be connected in arbitrary order to make a coherent auditory stream, and there should be a kind of grammar providing the perceptual system with rules to connect perceptual elements.
Our tentative hypothesis is that, if an onset and an offset are close to each other in a subjective space corresponding to time and frequency, they are likely to be connected. Stimulus patterns (b) and (c) in Fig. 1 are almost the same if we look at only the 500 ms temporal ranges around the temporal gaps. However, the ascending component is perceived as continuous in pattern (b), whereas the descending component is perceived as continuous in pattern (c). The difference should be determined outside these temporal ranges, and the gap transfer illusion, which takes place in pattern (b) should not be caused by a peripheral process. In pattern (b), the onset of the descending glide and the offset immediately before the temporal gap of the ascending glide are close to each other, and they are likely to be connected perceptually, building up the first short tone in the typical percept indicated in the left half of the lower panel of Fig. 1 . The onset immediately after the temporal gap and the offset of the descending glide are also likely to be connected to each other building up the second short tone. Because the offset and the onset delimiting the gap have already been interpreted perceptually, the auditory system need not interpret them any more, thus leaving the ascending component continuous. This is the essence of ''the event construction model'' [2] .
NEW STIMULUS PATTERNS
Turning now to future research, there are a couple of points to keep in mind. The gap transfer illusion takes place in a stable manner when the stimulus patterns are presented through headphones, but sometimes fails in a reverberant room, especially when the listener tries to hear the continuity of the shorter glide. illusion, which should take place in patterns (b) and (d), does not seem to occur very easily. My tentative explanation is that the reverberation makes the timbres of the ascending and the descending components different, and that it is now easier for the auditory system to follow them as separate streams. It is also possible that the reverberation simply makes the details of the patterns unclear. We would need further investigation of auditory continuity to tackle the problem (Ciocca and Bregman [6] ; Warren [7] ; Darwin [8] ). I have also made demonstrations to present ascending and descending frequency glides to different ears. File 8.wav presents stimulus patterns (a) and (b) in this manner, and File 9.wav stimulus patterns (c) and (d). The listener's attitude seems to affect the occurrence of the illusion in patterns (b) and (d). If one tries to hear the ascending and the descending component separately at the two ears, the illusion is not likely to take place. If one tries to grasp the whole pattern holistically neglecting presentation details, the illusion can occur, although not very easily. The crossing pattern as made by Halpern [4] (see also [3] and [5] ) can also be presented in the same manner. The pattern in File 1.wav is converted in such a way in File 10.wav. If one pays attention to the signal presented to one of the ears, a crossing percept is likely to take place, while with holistic listening a bouncing percept is likely to take place. This kind of dichotic listening paradigm may give new insights into auditory organization if employed together with the classic auditory illusions Deutsch [9] discovered. Now my colleagues and I are attempting to connect the event construction model, which can relate several different auditory phenomena systematically [10] [11] [12] , with speech perception on the assumption that speech perception is not so special [11] . On the other hand, our recent analyses of Japanese and English speech on an acoustic basis revealed a specialty of speech signals [13] . Some perceptual experiments to fill the gap are urgently needed.
